Introduction
Macular oedema (MO) secondary to retinal vein occlusion (RVO) is the second most common cause of retinal vascular disease, and can result in significant vision loss. 1, 2 The pathogenesis of RVO is multifactorial, but the retinal veins typically become obstructed owing to vascular clots, external vascular compression or vessel wall pathology. 3 The obstruction can occur in either the central retinal vein or branches of the retinal veins, and is referred to as central RVO (CRVO) and branch RVO (BRVO), respectively. 2 BRVO is more common than CRVO, with prevalence estimates of 4.42 per 1000 (95% confidence interval (CI): 3.65 − 5.19) for BRVO compared with 0.80 per 1000 (95% CI: 0.61 − 0.99) for CRVO. 4 Occlusion of the retinal veins causes an increase in capillary pressure, which induces expression of vascular endothelial growth factor (VEGF) and interleukin-6. 5, 6 This causes a breakdown of the blood-retinal barrier and increases vascular permeability, 6 leading to complications such as MO and retinal ischemia, ultimately resulting in vision loss. 3 Until recently, the standard of care for MO secondary to RVO comprised corticosteroids (CRVO and BRVO) and laser photocoagulation (BRVO only); 7 however, anti-VEGF agents provide an additional therapeutic option for both BRVO and CRVO. [7] [8] [9] [10] [11] Ranibizumab (Lucentis) is a humanized, VEGF antibody fragment that binds and neutralizes multiple isoforms of VEGF. 11 The efficacy and safety of ranibizumab intravitreal injection were assessed in two randomized, phase three clinical trials (BRAVO and CRUISE, ClinicalTrial.gov Identifiers NCT00486018 and NCT00485836, respectively), in which patients with BRVO and CRVO were administered the study drug once per month for 6 months and compared with sham-treated individuals. 12, 13 In both studies, a higher proportion of patients treated with ranibizumab experienced improvements in vision relative to baseline than individuals who received sham injections (Po0.0001), as assessed by a gain of 15 or more letters in best corrected visual acuity (BCVA). This was accompanied by a higher mean (95% confidence interval) change in BCVA letter score from baseline in patients treated with ranibizumab than in those who received sham injections (18.3 (16.0-20.6 ) vs 7.3 (5.1-9.5), respectively). 12, 13 These improvements were maintained for up to 12 months. 14, 15 Ocular adverse events also occurred at a lower frequency in the ranibizumab group than in the sham-treated group. 12, 13 As a consequence, ranibizumab was approved for the treatment of MO secondary to RVO by the US Food and Drug Administration (FDA) in 2010 (ref. 16) and by the European Medicines Agency (EMA) in 2011. 17 Clinical trial data were later supported by a series of realworld evidence studies, which provided further evidence supporting the effectiveness and safety profile of ranibizumab for the treatment of patients with retinal disease. [18] [19] [20] The recommended dose of ranibizumab in patients with CRVO and BRVO is 0.5 mg (0.05 ml solution) administered as a single intravitreal injection once per month in the USA. 21 Dexamethasone, a water-soluble corticosteroid, has also been shown to be efficacious in the treatment of patients with CRVO and BRVO. 22 Dexamethasone is delivered directly to the vitreous cavity by an intravitreal implant (Ozurdex). 23 A sham-controlled clinical trial (GENEVA, ClinicalTrial.gov Identifier NCT01660802) of dexamethasone implant demonstrated significant improvements in BCVA scores and in the percentage of eyes with an improvement of at least 15 letters in BCVA in patients with CRVO and BRVO, compared with shamtreated patients, from day 30 to day 90 after treatment initiation (Po0.001). 22 However, results from this trial have also shown that the incidence of ocular adverse events was significantly higher in patients treated with dexamethasone implant than in sham-treated individuals. 22, 24 A recent study by Lam et al provided evidence that dexamethasone implant also provides real-world anatomical and functional improvements in patients with MO associated with retinal disease. 25 Furthermore, this study did not identify any new safety concerns. 25 Dexamethasone implant was approved for the treatment of MO associated with RVO by the US FDA in 2009 (ref. 26 and by the EMA in 2010. 27 The reported re-treatment period for dexamethasone implant is every 6 months, 26 and there is limited information available on shorter re-treatment intervals. 23 However, from a retrospective, consecutive case series of 49 patients with MO secondary to RVO, dosing every 6 months was found to be insufficient, and improved results were achieved with an 'as-needed' re-treatment protocol. 28 Similarly, a recent prospective study of 35 patients indicated that the optimal time for re-treatment for most patients with ME secondary to RVO is o6 months after the first dexamethasone treatment. 29 Head-to-head clinical trial results 30, 31 and indirect, retrospective analyses of clinical trial data [32] [33] [34] demonstrate improved efficacy and safety for patients treated with ranibizumab compared with those treated with dexamethasone implant. It has been suggested, however, that differences in protocol and dosing regimens in these retrospective studies could have led to potential bias (eg, differences in inclusion/exclusion criteria and differences in patient characteristics at baseline). 11 Therefore, the findings from the aforementioned studies need to be interpreted with caution. Furthermore, anti-VEGF intraocular injections may be associated with a potential increase in the rates of systemic adverse events in patients receiving these treatments. 35 In light of different treatment regimens and dosing guidelines, the primary objective of this study was to compare the mean number of all ophthalmology visits for patients receiving ranibizumab intravitreal injection or dexamethasone intravitreal implant for CRVO or BRVO during the first 12 months after treatment initiation.
Materials and methods

Study design
This was a retrospective study using insurance claims data entered by physicians in the USA into the IMS Health Real-World Data (RWD) Medical Claims database (managed by IMS Health, Plymouth Meeting, PA, USA). Information about the database is published elsewhere. 36 Patient data used in this study were anonymized to comply with the Health Insurance Portability and Accountability Act (HIPAA). The study was also designed and implemented in accordance with the Guidelines for Good Pharmacoepidemiology Practice (GPP) of the International Society for Pharmacoepidemiology (ISPE) and the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines. 37 
Study population
Patients were included in the study if they had received ranibizumab intravitreal injection or dexamethasone intravitreal implant and had a concomitant diagnosis of CRVO or BRVO between June 2010 and February 2014. Diagnoses were defined using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM); 38 CRVO was defined as ICD-9 362.35 and BRVO as ICD-9 362.36. The first claim for either ranibizumab injection or dexamethasone implant was defined as the patient's index date. Eligible patients were subdivided according to the index diagnosis (CRVO or BRVO). Data from September 2009 to January 2015 were extracted to ensure at least a 9-month pre-index period and a 12-month follow-up period. Patients were excluded if any of the following criteria were met: (i) patient was younger than 18 years of age at index date; (ii) physician administering the index medicine did not submit monthly medical claims during the 9-month preindex period and during the 12-month post-index period; (iii) patient received one or more anti-VEGF injections or dexamethasone implants during the 9-month pre-index period; (iv) patient received one or more anti-VEGF injections or dexamethasone implants other than index treatment during the 12-month follow-up period in either eye; (v) patient did not have a claim record after the end of the 12-month follow-up period. The selection process and attrition data for the study population (with 12-months of follow-up data) are shown in Figure 1 .
Outcome measures
The primary outcome measure was the mean number of all ophthalmology visits during the 12-month post-index period for the ranibizumab injection and dexamethasone implant groups (with restriction to index provider). The secondary outcome measures were: (i) the number of treatment visits; (ii) the number of non-treatment visits; and (iii) the differences in time intervals (days) between visits for: all visits, treatment visits and non-treatment visits during the 12-month post-index period. A treatment visit was defined as a visit at which the index treatment was administered during the 12-month follow-up period.
All outcome measures for the two treatment groups were compared separately for patients with CRVO and for those with BRVO. In addition, several sensitivity analyses were performed. First, unilateral and bilateral treatments were evaluated to examine treatment patterns at eye level. Second, the frequency of all ophthalmology visits, treatment visits and non-treatment visits was assessed with and without restriction to the index provider. Finally, the frequency of these visits was assessed in a subgroup of patients with 24 months of follow-up data (patient selection and attrition data for the subgroup are shown in Supplementary Figure 1) . 
Primary inclusion criteria
Eye
Statistical analysis
The mean (standard deviation (SD)) was used for continuous variables and n (%) for categorical variables to describe patient characteristics at baseline and outcome measures between treatment groups. Differences in baseline characteristics between treatment groups were compared using the Student's t-test, Wilcoxon signedrank test or chi-squared test, as appropriate. The generalized linear model (GENMOD procedure) using negative binomial distribution compared the number of visits and intervals between treatment groups, adjusting for patients' baseline characteristics. A P value of o0.05 was considered statistically significant. Statistical analyses were performed with SAS 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
Demographics and baseline characteristics
In total, 2822 patients receiving ranibizumab injections (CRVO, n = 1178; BRVO, n = 1644) and 365 patients receiving dexamethasone implants (CRVO, n = 191; BRVO, n = 174) were identified with at least 12 months of follow-up data (Figure 1 ). Demographics and baseline characteristics for the 12-month group are shown in Table 1 . Patients who received ranibizumab injections were older than those who received dexamethasone implants in the CRVO group (mean age: 72.8 years vs 68.8 years; Po0.0001), but were of a similar age in the BRVO group (mean age: 73.3 years vs 72.7 years; P = 0.525).
Patients with CRVO in the ranibizumab injection group had lower mean Charlson-Deyo Comorbidity Index scores (SD) than those in the dexamethasone implant group (0.7 (1.3) vs 1.0 (1.4), P = 0.011), but the comorbidity scores were similar for patients with BRVO (0.6 (1.1) vs 0.6 (1.0), P = 0.924). There were also some regional differences in treatment patterns observed between the treatment groups ( Table 1) .
Overall number of ophthalmology visits
In the first 12 months after treatment initiation, the mean number of all ophthalmology visits for patients with CRVO (SD) was 7.2 (3.6) for patients who received ranibizumab injections and 6.2 (3.1) for those who received dexamethasone implants (Po0.001). The mean number of all ophthalmology visits was also higher for patients with BRVO who received ranibizumab injections than for those who received dexamethasone implants (7.1 (3.4) vs 6.3 (3.1), P = 0.016; Figure 2 ). The distribution of all ophthalmology visits in the first 12 months is presented in Figure 3 .
Visits with and without treatment and visit intervals
The mean number (SD) of treatment visits was higher for patients in the ranibizumab injection group than for those in the dexamethasone implant group for CRVO (4.1 (2.7) vs 1.8 (1.0), Po0.0001) and for BRVO (3.9 (2.6) vs 1.7 (1.0), Po0.0001). In contrast, the mean number of non-treatment visits was higher in the dexamethasone Eye implant group than in the ranibizumab injection group for patients with CRVO (3.1 (2.7) vs 4.4 (2.9), Po0.0001) and with BRVO (3.1 (2.6) vs 4.6 (2.8), Po0.0001; Figure 2 ). The time interval between these visits was also recorded (Table 2) . Overall, the mean time interval (in days) was shorter for all ophthalmology visits and treatment visits for patients receiving ranibizumab injections than for those who received dexamethasone implants for CRVO (Po0.0001) and BRVO (Po0.0001). The mean time interval between non-treatment visits was similar for both treatments for patients with BRVO (P = 0.702), but was shorter for patients with CRVO (P = 0.009) who received dexamethasone implants than for those who received ranibizumab injections.
Sensitivity analyses
In both treatment groups, most patients (over 96%) received unilateral treatment (treatment to one eye only). The mean number of unilateral treatment administrations (SD) to the index eye (eye receiving treatment at index date) was higher during the first 12 months of treatment for patients who received ranibizumab injections than for those who received dexamethasone implants (CRVO: 4.0 (2.6) vs 1.6 (0.9), Po0.0001; BRVO: 3.8 (2.6) vs 1.6 (0.9), Po0.0001).
When the restriction to index provider was relaxed, the number of all ophthalmology visits for patients with 12 months of follow-up data remained higher in the group receiving ranibizumab injections than in the group receiving dexamethasone implants (CRVO: 8.4 (4.4) vs 7.1 (3.8), Po0.0001; BRVO: 8.0 (3.8) vs 7.5 (3.8), P = 0.0716). When applying the 24-month post-index restrictions (Supplementary Figure 1) , a subset of patients who received either ranibizumab injections (n = 1252) or dexamethasone implants (n = 160) were identified. Baseline characteristics for these patients have been included as supplementary information (Supplementary Table 1 ). For this subpopulation, the mean number (SD) of all ophthalmology visits in the first 24 months after treatment initiation for those who received ranibizumab injections was higher than for those who received dexamethasone implants (CRVO: 11.0 (7.0) vs 9.3 (5.8), P = 0.115; BRVO: 10.5 (6.3) vs 9.0 (5.6), P = 0.038). The results for the majority of secondary outcome measures were similar to those for the main study findings and are presented in Supplementary Table 2 .
Discussion
This non-interventional, patient-level claims database study is the first to compare treatment patterns between ranibizumab injection and dexamethasone implant for patients with CRVO or BRVO in the USA. The main finding of this study is that individuals with CRVO or BRVO who received ranibizumab injections had a mean of approximately one more visit to their ophthalmologist during the first 12 months of treatment than patients treated with dexamethasone implant (all ophthalmology visits). The mean number of treatment visits in the first 12 months was also higher in patients who received ranibizumab injection than in those who received dexamethasone implant; however, the mean number of non-treatment visits was higher in patients who received dexamethasone implant than in those who received ranibizumab. The majority of these findings were similar in patients with 24 months of follow-up data.
In the USA, it is recommended that ranibizumab is administered as a monthly intravitreal injection (0.5 mg) for MO secondary to RVO, although this may be changed to a less effective regimen 21 (one injection every 3 months after the first four injections), if monthly injections are not feasible. 21 In Europe, treatment intervals with ranibizumab may also be gradually extended. 39 Monthly injections may not be feasible for some patients, owing to the perceived inconvenience of frequent treatment visits and potential transportation issues to and from the clinic or hospital. 40 These factors may influence a clinician's choice of treatment. In contrast, dexamethasone is administered as an implant that releases a dose of 0.7 mg over several months (reportedly over a 6-month period). 26, 41 The results presented in this study indicate that patients do not receive ranibizumab at the recommended interval for the first 12 months after treatment initiation. This could be because of improvements in visual acuity in the first 6 months, 12, 13 or because of the perceived inconvenience for patients. 40 For patients who received dexamethasone implant, the mean number of all ophthalmology visits was higher than expected during the first 12 months of treatment, even though the implant is a slow-release treatment and, as per the US label, patients require substantially fewer physician visits than those treated with monthly ranibizumab. This is accounted for by the increased number of non-treatment visits by patients who received dexamethasone implant, which was also observed 24 months after treatment initiation. One potential explanation for this could be the increased frequency of ocular adverse events (cataracts and elevated intraocular pressure) associated with dexamethasone treatment. In clinical trials, the frequency of ocular adverse events was higher in dexamethasone-treated individuals than in those who received sham injections, although the increase in intraocular pressure was usually transient. 24, 34, 41 Physicians are thus more likely to screen for such adverse events in patients treated with dexamethasone. Therefore, it could be argued that the visit burden of both treatments is not likely to be substantially different in routine clinical practice.
One strength of this study is that it utilized large-scale, routinely-collected population data from one of the largest medical claims databases in the USA. Of claims submitted to the IMS Health RWD Medical Claims database, 95% are available to view within 3 weeks of the 36 demonstrating the reproducibility of the methods used. This study has also highlighted that the manner in which therapeutic agents are used in routine clinical practice may differ significantly from the label recommendations, emphasizing the importance of real-world evidence studies. The nature of the study has led to several limitations. First, some of the baseline characteristics for patients treated with ranibizumab injections differed from those treated with dexamethasone implant and could have therefore introduced unknown bias. For example, patients with CRVO who received ranibizumab were older than those who received dexamethasone implant (Po0.001). This result was surprising because dexamethasone treatment is associated with an increased risk of cataract development, 42 and is therefore usually prescribed to older patients for whom the development of cataracts is intrinsically more common. 43 This side effect could therefore be viewed as less serious in older patients receiving dexamethasone treatment. This study also used physician-entered claims codes to assess treatment patterns. Therefore, misclassification by physicians was a possibility, although this is likely to have affected both groups equally. As the database is used for billing and reimbursement purposes, and not specifically for research use, it may not capture all information, including the purpose of each patient's visit to their physician. We were therefore unable to assess the effect of treatment frequency on improvements or worsening in clinical outcomes. Finally, this study examined treatment patterns for patients in the USA, and the results may therefore not be applicable to other countries.
In conclusion, this study is the first to compare treatment patterns between ranibizumab injection and dexamethasone implant in patients with CRVO and BRVO in the USA, using a large physician-entered medical claims database. In the first 12 months of treatment, patients who received ranibizumab intravitreal injection had a mean of approximately one more visit to their ophthalmologist than those who received dexamethasone implant, which was driven primarily by the high number of non-treatment visits for patients in the dexamethasone implant group. The visit burden of these drugs is thus not likely to be substantially different in routine clinical practice. Physicians should therefore consider the risk-benefit profile of anti-VEGF and corticosteroid implant therapies when deciding on the appropriate treatment for patients with RVO. Further long-term analyses on larger patient populations in different countries combined with comparisons of ocular safety profiles would help to inform the development of global care pathways further for patients with CRVO and BRVO.
Summary
What was known before K Ranibizumab intravitreal injection and dexamethasone intravitreal implant have been shown to be effective in the treatment of macular oedema secondary to retinal vein occlusion (RVO) (central RVO (CRVO) and branch RVO (BRVO)).
K Ranibizumab injection is recommended to be administered once per month as per the US label. This is in contrast to the dexamethasone implant, which slowly releases the dose over a series of months.
What this study adds K This study used US patient-level medical claims data to compare real-world treatment patterns of ranibizumab injection and dexamethasone implant in patients with CRVO or BRVO.
K The findings demonstrate that patients with CRVO or BRVO receiving ranibizumab injections had a mean of approximately one more visit to their ophthalmologist in the first 12 months of treatment than patients receiving dexamethasone implant.
K The visit burden of ranibizumab injections and dexamethasone implants is therefore not likely to be substantially different in routine clinical practice in the USA.
